Dependence of the C-6 sulfate of the glucosamine moiety and 1----4 glycosidic linkage of heparin disaccharides for production of hemorrhage: reversal of the antihemostatic activity of heparin and their fragments by adenosine triphosphate and myosin.
Topical application or intraperitoneal injection of heparin and heparin oligosaccharides produces a potent inhibition of skin hemostasis. Studies conducted with disaccharides derived from heparin, heparan sulfate, and chondroitin sulfates have shown that delta-4,5-uronyl-(1----4)-glucosamine, bearing a sulfate at the C-6 position of the glucosamine residue, is the minimum structure for the antihemostatic activity. The disaccharides with this basic structure produce uncontrollable hemorrhage from small blood vessels, similar to that observed for heparin. The finding that other sulfated disaccharides, with the same sulfate to hexosamine to uronic acid ratios but with the sulfate at a different position (C-2) or with a different glycosidic linkage (1----3), were inactive as inhibitors of hemostasis indicates that a specific structure is needed to produce the effect. The inhibitory activity of the normal hemostatic process produced by heparin and its products could be reversed either by ATP or myosin. Molecular models show that part of the disaccharide inhibitors and ATP have a similar structural conformation.